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This is a joint project between Johnson Space 

Center (JSCI and Ames Research Center (ARC) to 

extend OAST-sponsored Procedural Reasoning effort 

to the orbiter subsystem diagnosis and control 

problems. A Reaction Control System ( R C S )  

procedural expert system was developed. and 

demonstrated to ARC and JSC representatives in 

1987. The emphasis of the RMS Expert System 

project is to demonstrate a dynamic, real-time 

procedural reasoning expert s y s t e m  integrated w i t h  

the Systems Engineering Simulator (SES). 

. 
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The objectives of the project are to be 

accornpl ished over a three-year period. The first 

year will be devoted to the acquisition of the PRS 

tool. and the development of a prototype R M S  expert 

system including the knowledge base ,  ei  Crew 

Interface, a RMS software simulator, and defined 

malfunction scenarios. In the second year, the 

interface to the SES and the Data Acquisition and 

Monitoring Module will be built. and the RMS Expert 

System will be integrated with the SES for 

evaluation and demonstration to RMS experts. 

Recommended changes will be incorporated. and the 

system re-evaluated in preparation for the 

development of the specifications for an ADA-bused 

procedural reasoning shell in the space station SSE 

environment. 
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The Shuttle Remote Manipulator System was selected 

as the domain in which to assess the capability of 

the P R S  shell for real-time fault diagnosis. 

Because of the time constraint, many tasks were 

performed concurrently, e.g. knowledge acquisitlon 

and encoding, development of a user-friendly color 

interface, and development of a miniature RMS 

simulator for testing and debugging. Selected 

malfunction scenarios defined the scope  of the 

initial integrated prototype .  

With technical support from SRI, and through the 

help of a domain expert, R M S  operational and 

malfunction procedures were implemented as PRS K A s .  

These procedures were taken directly from the RKS 

malfunction procedures document, and represent the 

core declarative knowledge of the expert system. A 

RPIS database was implemented to represent the 

currenr  b e l i e f s  or f a c t s  about the domain, and a 

R M S  software simulator was developed for systems 

testing and debugging. 
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RHS EXD ert SYS ~WDL-I. Fi rs t ye a r a ch i e-ve me n t  s- 

The RMS expert system was prototypcd and 

demonstrated to RMS experts and sponsors. The Crew 

Interface and the PRS shell hosting the RWS KB ,and 

database were integrated. About 22 percent of t h e  

applicable RMS malfunction procedures and their 

associated nominal procedures w e r e  implemented. 

RMS domain experts contributed significantly in 

defining malfunction scenarios. identifying areas 

of interest to the RHS astronauts, a n d  evaluating - 
t h e  crew i n t e r f a c e .  The RMS simulator w a s  

completed and tested, but h a s  not been integrated 

with the expert system. Intended for initial 

testing and evaluation, the RMS simulator will 

eventually be replaced by the real-time high- 

fidelity JSC SES. 
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This slide shows the configuration of the aft 

cockpit RMS controls. The hand controllers, THC 

(Translational Hand Controller) and RHC (Rotational 

Hand Controller), and the display and control panel 

are used to control and monitor the RMS, while the 

MCTU (Manipulator Controller Interface Unit) 

provides communication of the G P C  (General Purpose 

Computer) computer with the RMS, informing the 

computer of all senaor data and relaying all 

control information to the arm. Visual contact of 

the payload and the RMS is imperative, so windows 

and t w o  black and white closed circuit TV (CCTV) 

monitors are available in the area where the RMS 

controls are located to allow the u s e r  to have 

greater control of t h e  RMS operations. E a c h  monitor 

is capable of having a split acreen and has zoom 

capabi 1 it i u s .  
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The R M S  astronaut operates the RKS from the orbiter 

aft-cockpit where the RHS controls, viewports, and 

monitors for are located. The two hand controllers 

and the main display and control panels, A8U and 

A 0 L .  are located in the vicinity of the aft-cockpit 

port window and the CCTV monitor to facilitate the 

use of the port RKS. In addition the CCTV can be 

controlled to show one of the 7 possible views 

using the CCTV controls. 

c 



RMS displays and controls, aft station. 
. 
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The  A8U p a n e l  is one  o f  t h e  p r i m a r y  d i s p l a y  a n d  

c o n t r o l  p a n e l s  of  t h e  RXS i n  t h e  a f t  c o c k p i t .  I n  

t h e  u p p e r  l e f t  is t h e  mode c o n t r o l l e r  w h i c h  

c o n t r o l s  t h e  o p e r a t i n g  mode of t h e  RXS. To t h e  

r i g h t  is t h e  RATE i n d i c a t o r s  w h i c h  i n d i c a t e s  t h e  

r a t e  of t h e  o f  t h e  s p e e d  of t h e  p o i n t  of r e s o l u t i o n  

t r a n s l a t i o n .  B e l o w  t h i s  is t h e  e n d  e f f e c t o r  

s w i t c h e s  a n d  t a l k b a c k s  w h i c h  i n d i c a t e  t h e  s t a t u s  of 

t h e  e n d  e f f e c t o r  a n d  a l l o w  t h e  u a e r  t o  s w i t c h  

b e t w e e n  m a n u a l  a n d  a u t o  c o n t r o l .  I n  t h e  u p p e r  

c e n t e r  o f  t h e  a c r e e n ,  t h e  RMS l i g h t  m a t r i x  

i n d i c a t e s  a n y  p r o b l e m s  w i t h  t h e  RMS as t h e y  o c c u r  

The  l o w e r  p o r t i o n  of t h e  p a n e l  is u s e d  t o  t r a n s f e r  

c o n t r o l  t o  t h e  v a r i o u s  j o i n t s  of t h e  RXS.  
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The RHS Expert System is being developed 

incrementally, and involves the implementation of 

many software modules residing on the color 

Symbol ics Lisp machine. The Lisp environment 

coupled with the PRS shell provides for a rich 

development environment that is ideal for t h e  

selected problem domain. The goal is to integrate 

the RMS expert system with the on-orbit simulation 

test-bed, the r e a l - t i m e  high-f idelity J S C  Systems - 
Engineering Simulator hosted by the Gould 

computers. The Data Acquisition & Filtering Module 

( D A F H )  will read real-time RMS telemetry data from 

the SES,  and deliver them to the PRS shell which 

hosts the RCIS KAs (procedures] and database. 

Concurrently, the crew interface module will 

interact with the RMS crew interface via 

communication messages. 

. 
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The P R S  KA editor supports inputs of procedural 

information as a set of KAs.  Each KA description 

includes a network of labeled nodes and edges, as 

well as an invocation condition that describes the 

situations in which that K A  is applicable and 

useful. 
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The PRS i n t e r f a c e  is  d e s i g n e d  t o  m a n i p u l a t e  d a t a  

and t o  p r o v i d e  i n f o r m a t i o n  about  t h e  v a r i o u s  PRS 

a g e n t s  ( s y s t e m s )  t h e  u s e r  has  s e t  up. The PRS 

i n t e r f a c e  can be used t o  c r e a t e  o r  d e l e t e  PRS 

a g e n t s ,  l o a d  KA f i l e s ,  t r a c e  s p e c i f i c  K A s ,  

e s t a b l i s h  g o a l s ,  que ry  t h e  d a t a b a s e .  and i n  

g e n e r a l ,  pe r fo rm t h e  o p e r a t i o n s  n e c e s s a r y  t o  d e a l  

w i t h  t h e  c o n s t r u c t i o n  and  o p e r a t i o n  of PRS a g e n t s  

e 
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The RMS Crew Interface i s  designed to present a 
simple and friendly environment for the crew to 
interact with the RMS expert system. It displays 
information vital to the orbiter RMS operation, 
and accepts commands from the RMS crew though mouse 
inputs. The initialized state of the interface 
shows 4 main windows and a menu pane in the middle. 

The top left window provides a quick reference of 
the state of each component of the R M S ,  including a 
status arrow and a brief remark explaining its 
status. The right top window displays the mouse- 
sensitive RMS switches, talkbacks. and dials from 
the A8U and A8L panels, which allows the user to 
set switches or dials as prompted by the expert 
system. The center menu gives the user a means of 
controlling the interface and the PRS shell, 
including loading of the PRS database and 
initializing and running a procedure. The lower 
left and right windows display the results of the 
execution of RMS operational and malfunction 
procedures in format familiar to t h e  RMS crew, e g 
type of malfunction, diagnosis. quick action. a n d  
status of the RMS capabilities. 

0 

When the RXS expert system has determined the 
diagnosis and recommendation of a malfunction, 
this information along with the status of the 
component's capabilities will be immediately 
displayed. A l l  of t h i s  information will t h e n  be 
stored for future reference or until the 
component 'si statua haa changed. 

If multiple malfunctions occur, the user can click 
the mouse on one  of t h e  problem components located 
in the status window to display its diagnosis 
i,n f o r m a  t i on. 
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This slide shows the RMS Crew Interface after a RMS 

malfunction has been successfully diagnosed by t h e  

expert system. The malfunction, diagnosis, and 

recommendation has been displayed and the status of 

the End Effector has become questionable. The 

remark notifies the user that the manual mode is 

bad. The simulated display and control panel shows 

the current setting reflecting the current state of 

the database. The RMS capabilities that have been’ 

lost due to the malfunction aB well as the 

capabilities that still remain are listed in the 

lower right window. The lower left window displays 

the malfunction nature, the re levant diagnosis and 

the recommendvat ion for act ions. 
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